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Abstract 
Conventional alkaline extraction from sunflower oil cakes leads to dark colored protein isolates caused by oxidation 
of inherent phenolic compounds.Therefore, the extraction at acidic conditions was investigated with the aim of the 
simultaneous isolation of sunflower proteins and phenolic compounds by subsequent adsorption from the protein 
extracts. NaCl concentrations of up to 2 mol/L favored both the protein extraction at pH 6 and the subsequent 
precipitation while facilitating the adsorptive removal of co-extracted phenolic acids. Overall, light-colored protein 
isolates with good functional properties were obtained suitable for a broad range of food applications. 
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1. Introduction 
Sunflower seeds are among the world’s most important oilseeds with an annual world production of 
35.6 million tons in 2008 [1]. The by-products of sunflower oil extraction, i.e. press cakes and meals, are 
an attractive source of proteins for human nutrition due to their high protein contents reaching up to 50% 
[2] besides low amounts of anti-nutritional compounds and the absence of toxic substances [3]. However, 
the application of sunflower proteins is still mainly restricted to animal feed although techno-functional 
properties of sunflower proteins were shown to be comparable with proteins from soy and other legumes 
[4]. One major restriction is the abundance of phenolic compounds in sunflower seeds, which are readily 
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oxidized during conventional alkaline protein extraction [5, 6]. This causes discoloration of the proteins 
leading to undesirable green to brown color and decreased nutritional and functional properties [7]. 
Due to the pH-dependent solubility of the major sunflower protein fraction, protein extraction usually 
requires alkaline conditions, resulting in rapid oxidation of phenolic compounds and subsequent binding 
to proteins. Thus, many attempts have been made to produce sunflower proteins devoid of co-extracted 
polyphenols. Common strategies comprise the extraction of sunflower meal with mixtures of organic 
solvents and/or water to lower polyphenol contents prior to alkaline protein extraction. Other approaches 
are the exclusion of oxygen or the use of antioxidants during alkaline extraction and the subsequent 
removal of co-extracted phenolic acids from the protein extracts [8]. However, none of these processes 
has been successfully implemented into industrial scale so far. 
The aim of our research was to facilitate the use of proteins from the by-products of sunflower oil 
processing for human nutrition by hindering the interference of phenolic substances with the proteins 
during protein isolation. The simultaneous separation of phenolic compounds and their application as 
antioxidants should allow improved economy of the overall process. For this purpose, the extraction of 
sunflower proteins at acidic conditions with subsequent adsorption of phenolic compounds from the 
extracts was investigated.  
2. Materials & Methods 
2.1. Materials
Confectionary dehulled sunflower seeds purchased from Gusto (Hohenpolding, Germany) were used 
for laboratory extraction and adsorption experiments after gentle de-oiling as described by Pickardt et al. 
[9]. Evaluation and scale-up experiments were performed with a cold-pressed sunflower cake from 
industrial sunflower oil processing provided by Teutoburger Ölmühle (Ibbenbüren, Germany) after gentle 
de-oiling with iso-hexane at temperatures below 60 °C [10]. 
2.2. Procedures 
Extraction screening and optimization experiments were performed by mixing 1.5 or 2.5 g of 
defatted sunflower with 50 mL of NaCl solutions at the given pH values for 60 min at ambient 
temperature or in a thermostatted water bath. The protein extracts were separated by centrifugation 
(20,000×g, 15 min) to quantify dissolved proteins by the Biuret assay to calculate the extraction yields [9]. 
For extraction optimization, the concerted effects of pH (3.2 - 7.4), NaCl concentration (cNaCl , 1 - 3 
mol/L), temperature (T, 15 - 45 °C), and meal-to-solvent ratio (MSR, 0.03 and 0.05 g/mL) on the protein 
concentration of the extract and the relative protein yield (RPY) were examined. Polyphenol adsorption 
and further purifying steps were examined with extracts obtained from 400 g - 1200 g of de-oiled cake 
prepared with the nine fold mass of NaCl solution at 20 °C. The pH was set to 6.0 ± 0.1 by adding NaOH 
(1 mol/L). Insoluble solids were separated by centrifugation (3,300×g, 20 °C, 10 min) and subsequent 
filtration. Polyphenol adsorption was investigated with protein extracts at 1.3 mol/L NaCl in screw cap 
flasks under magnetic stirring at 150 rpm in a thermostatted water bath [11]. Aliquots of 200 mL extract 
were combined with different amounts (2 - 15 g) of the pre-treated resins under flushing with nitrogen to 
prevent polyphenol oxidation. At definite intervals, aliquots of 2 mL were drawn for polyphenol and 
protein analyses. The adsorption was optimized using a thermostatted Superformance®150-16 glass 
column filled with 25 mL of adsorbent resin. Adsorbed amounts of phenolic compounds were calculated 
by the difference of initial contents of individual phenolics and those of the samples drawn after resin 
addition. Resin activation was performed applying ethanol (60%, v/v) followed by NaOH (2.5 mol/L) and 
deionized water (50 °C) as described previously [11], and the resin was preconditioned with NaCl 
solutions of the respective concentration at a given temperature prior to use. Protein recovery by acid 
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precipitation was investigated with aliquots of crude extracts after determination and adjustment of 
protein concentrations by diluting with the NaCl solutions used for extraction. Specified pH values were 
adjusted by addition of HCl (1 mol/L) under continuous stirring (~200 rpm) within a period of 10 min at 
ambient temperature [10]. After 30 min, precipitates were recovered by centrifugation (3,300×g, 5 min, 20 
°C). Amounts, dry matter and protein contents of precipitates and supernatants were determined to 
calculate protein losses and yields, respectively. For process evaluation experiments, protein isolates 
were prepared in lab scale from sunflower de-oiled cake by extraction at a MSR of 1/10 (w/w) as 
described above followed by precipitation at pH 3.5 or 4.5 after removal of co-extracted phenolic 
compounds by adsorption onto Amberlite™ XAD 16HP (Rohm & Haas, Chauny, France). Two washing 
steps (1/4 w/w) using cold tap water at pH 4.0 and 6.0, respectively, were applied followed by 
neutralization. The washed and neutralized protein isolate was spray dried at inlet and outlet temperatures 
of ~170 °C and 70 °C, respectively. 
2.3. Analytical methods and characterization of protein isolates 
Dry matter and ash contents were determined gravimetrically at 105 °C and 550 °C [12]. Protein 
contents of precipitates and isolates were calculated based on their nitrogen content (Nu5.6) as 
determined by the Dumas combustion method [13]. Protein contents of the liquid samples were 
determined photometrically at 550 nm according to the Biuret method [14] using BSA for calibration. 
Individual phenolic compounds were quantified by HPLC-DAD as described by Weisz et al. [11]. The 
color of the powdered isolates was determined in the CIE-L*a*b* color system using a CR-300 Chroma 
Meter (Minolta, Osaka, Japan) as mean value of 10 measurements. Protein solubility was determined 
according to the method of Morr et al. [15] as relative protein amount soluble in 0.1 mol/L NaCl solution 
at pH 7. The emulsifying capacity of the protein isolates was determined by detecting the sudden decrease 
in conductivity at the point of phase inversion of the emulsion upon constant addition of oil to a 1% 
protein solution under dispersing with an UltraTurrax at 24,000 rpm. Foaming properties were determined 
after whipping of suspensions of 12.5 g of protein isolate in 200 mL deionized water at pH 7 in a Hobart 
50N mixer for 8 min at high speed (level 3) at room temperature. Foaming activity was determined as 
volume overrun percentage. Foam drainage stability was determined in a 250 mL measuring cylinder as 
percentage of remaining foam volume after 60 min. 
 
3. Results & Discussion 
3.1 Sunflower protein extraction 
The extraction was performed under mild-acidic conditions to prevent discoloration of protein extracts 
by oxidized phenolic acids and their binding to the proteins [9]. At these pH conditions, sunflower protein 
solubility in water is low but can be modified by increased ionic strength [16, 17]. Thus, applying 
elevated cNaCl of the aqueous solvent of up to 2.8 mol/L, the relative protein yield at pH 5.6 - 7.4 was 
enhanced to almost 80% [9] while suppressing protein-polyphenol interactions [18]. 
To investigate suitable operating conditions, sunflower protein extraction was optimized using a D-
optimal experimental design aiming at improved protein recovery at minimal interactions with phenolic 
acids [9]. The models established by the response surface method (figure 1) proved to be suitable for the 
visualization of the principal impacts of the extraction parameters on protein recovery, extraction yields 
being consistent with the previous parameter screening [9]. Apart from the prevailing influence of pH 
value and salt concentration, elevated temperature slightly enhanced protein extraction, whereas MSR 
mainly influenced the extract protein concentration but hardly RPY. High pH values and cNaCl of 2 - 2.8 
mol/L were required for maximum protein extraction. 
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Fig. 1. Relative protein yields (RPY in g/g) achievable by extraction from defatted sunflower meal computed by Design-Expert as a 
function of pH and NaCl concentration (cNaCl) at 30 °C and a MSR of 0.05 g/mL. Reprinted from [9], with permission from Elsevier 
 
Calculated models were used for the prediction of optimum conditions in terms of high protein yields 
at minimum discoloration of protein extracts by oxidized phenolic compounds. For the latter, pH values 
far below the alkaline range are required. Extraction at pH 6.0 was shown to be an appropriate 
compromise, yielding 76 - 84% of the meal proteins. In addition to pH, the other parameters also need to 
be carefully adjusted with regard to their practicability. The maximum RPY at pH 6 would be achieved at 
2.0 mol/L NaCl besides maximum temperature (45 °C) and MSR (0.05 g/mL). However, handling of the 
extracts would be easier at lower salt concentrations, enhancing also cost-effectiveness of the process. 
Including those aspects in the calculation of optimum processing conditions, the established RPY model 
was considered to be a valuable tool for the prediction of suitable operating ranges in up-scaling of 
sunflower protein extraction to industrial processing. 
3.2.  Adsorption for polyphenol removal from sunflower protein crude extracts 
Sunflower seeds and the residues of sunflower oil extraction contain about 1 - 4% of phenolic 
compounds with chlorogenic acid being the predominant component [19, 20], which are soluble under the 
aforementioned extraction conditions. To remove the co-extracted phenolic compounds from the 
sunflower protein extracts, a set of commercial food-grade adsorbent and ion exchange resins were 
screened [11]. While the ion exchange resins tested were highly efficient in adsorbing monomeric 
phenolic acids, which are deprotonated in the pH range applied, decolorization of the protein extracts was 
optimal using adsorbent resins. Due to highest adsorption capacities of monomeric phenolics and 
decolorization of the extracts besides weak interaction with the proteins, the styrene-divinylbenzene 
copolymer Amberlite™ XAD 16HP was chosen for further investigations. At equilibrium, which was 
nearly reached after 30 min in batch adsorption trials, initial phenolic contents were decreased by 85.7%. 
At the same time, the lightness of the extracts increased by 26% due to adsorption of polymerized 
compounds [11]. 
After testing varying resin amounts to reduce the adsorption time and residual phenolic content at 
equilibrium conditions, the effects of temperature and MSR were investigated. Rising the temperature 
from 20 to 40 °C decreased total adsorption capacity of XAD 16HP at equilibrium by about 11%, thus 
reflecting the exothermic nature of the adsorption process. The relative amounts of total phenolics 
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retained in the extract were minimized when diluted extracts were applied resulting from extraction with 
lower MSR [11]. To optimize the adsorption process, the effects of three independent factors, namely 
MSR (1:10 - 1:20, m/v corresponding to 0.01 - 0.05 g/mL), temperature (20 - 40 °C) and flow rate (3 - 7 
bed volumes per hour, BV/h), on the relative decrease in total phenolic content upon adsorption were 
evaluated using a modified D-optimal design and analyzed by the response surface method [11]. 
Altogether, extract preparation at an MSR of 0.05 g/mL, a flow rate of 3 BV/h and a temperature of 20 °C 
were revealed to be optimal for polyphenol removal from sunflower protein crude extracts.  
Implementing these findings, scale-up experiments were performed extracting 100 kg of de-oiled cake 
with 1500 L of a 1.3 mol/L NaCl solution. The protein extract was successively pumped through two 
cylindrical steel vessels connected in series packed with 90 L each of an anion exchange resin and 
adsorbent resin, at a flow rate of 3 BV/h. The combination of polyphenol removal by anion exchange and 
adsorption with subsequent washing of the precipitated proteins considerably improved the process 
efficiency compared to a single-step adsorption process, resulting in a 99.4% reduction of total 
monomeric phenolic compounds [11].  
3.3.  Protein recovery by isoelectric precipitation 
Due to enhanced solubility of the proteins in media of high ionic strengths [9, 17], the precipitation 
procedure also had to be adapted. Consequently, the effects of NaCl concentration (0.6 - 2.0 mol/L) and 
protein concentration (6 - 14 mg/mL), pH value (pH 4.5 - 3.0), time (1 - 60 min) and temperature (8 - 
38 °C) on protein yields and precipitate quality were studied. As shown in figure 2, protein loss decreased 
with increasing NaCl concentration and decreasing pH of precipitation [10].  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Relative protein losses referred to extracted protein upon precipitation at different pH values from solutions with cNaCl = 2.0 
mol/L, 1.3 mol/L, and 0.6 mol/L and protein concentration of ~14.3 mg/mL, modified after [10] 
 
As a general trend, precipitation yields increased with increasing NaCl concentrations regardless of the 
pH value and protein concentration. Hence, high salt concentrations up to 2 mol/L favored the recovery of 
sunflower proteins under mild-acidic conditions in two ways: by enhancing extraction at pH 6 and 
improving protein precipitation at pH values  4.5. [10]. At 2 mol/L NaCl, losses were also markedly 
determined by the pH of precipitation with the minimum at pH 3.0 (30.9%). However, due to higher acid 
consumption and suspected protein denaturation at pH 3.0, pH 3.5 was chosen for further process 
optimization. Besides, fast and cold precipitation was shown to increase the yields of precipitates. 
Protein concentration had a great impact on precipitation yields due to higher probability of protein 
aggregation and the formation of larger aggregates [21] favoring precipitate recovery by centrifugation. 
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Thus, protein losses were diminished from 37% to 32% upon precipitation at pH 3.5 and 2.0 mol/L NaCl. 
During evaluation experiments with higher protein concentrations of 31 mg/mL, 76% and 63% of the 
extracted proteins were recovered by precipitation at pH 3.5 or 4.5, respectively [10]. 
3.4. Process evaluation and application potential of sunflower protein isolates 
After adsorptive removal of co-extracted phenolics from the protein extracts, overall protein yields 
were considerably higher after precipitation at pH 3.5 compared to 4.5, but only slightly higher after 
washing of the precipitates, as shown in table 1. Applying higher NaCl concentrations generally led to 
increased overall yields. Purity of the isolates was enhanced upon precipitation at the higher pH. 
However, the physico-chemical properties of the protein isolates did not differ significantly except for 
marked protein denaturation upon precipitation at pH 3.5 [10]. 
Table 1. Product yield and physico-chemical properties of the protein isolates from de-oiled sunflower cake upon extraction at pH 
6.0 and adsorptive removal of phenolic acids depending on extraction and precipitation parameters, modified after [10] 
cNaCl for extraction 0.6 1.3 1.3 2.0 2.0 
pH of precipitation 3.5 3.5 4.5 3.5 4.5 
Overall protein yield 11.3 18.8 17.9 22.7 19.4 
Over all dry matter yield 4.8 7.6 6.7 9.4 8.0 
Protein content (% dry matter) 95.9 96.6 98.2 98.6 99.4 
Ash content (% dry matter) 2.2 2.0 2.2 1.3 0.7 
Chlorogenic acid cont. (% dry matter) n.d. n.d. n.d. 0.15 0.26 
Lightness (CIE L*) 82.8 77.3 84.6 86.8 83.9 
Color intensity: CIE a* 1.8 3.0 1.4 0.9 1.2 
Color intensity: CIE b* 12.7 15.1 10.3 10.2 11.5 
Protein solubility (%) 10.2 10.3 17.3 13.0 14.6 
Emulsifying capacity (mL/g) 265 285 240 276 209 
Foaming activity (%) 1161 1299 1003 1190 1070 
Foam stability (%) n.d n.d.  n.d. 97 94 
 
As shown in table 1, solubility of sunflower proteins at pH 7 is generally poor. This is due to the nature 
of the proteins as shown before [9, 17] and not necessarily caused by denaturation, since only slight 
denaturation was measured for proteins precipitated at pH 4.5 [10]. Nevertheless, the sunflower protein 
isolates provide moderate emulsifying properties compared to sodium caseinate, which is an excellent 
food emulsifier with an emulsifying capacity of ~1100 mL/g. In contrast, the sunflower proteins 
presented in table 1 exert excellent foaming properties as compared to hen egg white (1600 mL/g) and 
even better foam stability (hen egg white ~80%). Altogether, light-colored protein isolates of high purity 
were obtained by applying the proposed process, which are suitable for food use in terms of sensory and 
functional properties.  
4. Conclusion 
Mild-acidic protein extraction at pH 6 and high salt concentrations was found to be suitable for the 
recovery of light-colored proteins from sunflower seeds facilitating the subsequent adsorptive removal of 
co-extracted phenolic compounds by >99%. The use of NaCl in a range of 1.3 - 2.0 mol/L suppressed 
protein-polyphenol interactions and enhanced protein extractability to exploitable levels, while 
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discoloration of the extracts was prevented. Although maximum extraction yields were achieved at 
elevated extraction temperatures, room temperature provided optimum conditions for the whole process 
since adsorption was enhanced at lower temperatures. This also contributes to the cost effectiveness of the 
process besides safety in terms of decreased microbial growth as well as decelerated polyphenol 
oxidation. In contrast, for an efficient polyphenol removal from sunflower proteins, low extract 
concentrations are recommended, thus decreasing process efficiency of the extraction and protein 
recovery steps. Hence, protein extraction with intermediate NaCl concentrations (~1.3 mol/L) would be 
optimal for the overall process, although slightly reducing yields but considerably enhancing process 
economy. 
Altogether, from the proposed process light-colored protein isolates of high purity were obtained, 
which were shown to be suitable for food use in terms of sensory and functional properties. The 
innovative process may facilitate the exploitation of by-products from sunflower oil processing meeting 
the requirements of the food industry in searching for alternative food proteins besides soy protein. 
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